Transport of gas through pipelines is the most energy-intensive production. About 80% of the energy of the whole oil and gas production is used for the gas transportation through pipelines. To that end, enhancement of the efficiency and energy saving in the field of gas transport are solved with the aid of the basic thermodynamic relations which are mainly presented in this article.
Introduction
Taking into account that the transport of gas through pipelines is a costly process in the oil and gas production, the article pays great attention to the main stage of the process, the compression of gas by the gas pumping units mounted at compressor stations (CS) located along the pipeline every tens of kilometres depending on the performance of the pipeline. In this regard, the article presents the calculated thermodynamic ratios for gas compression by gas compressor units based on the laws of thermodynamics for reversible and irreversible processes-thermodynamics by Professor N. I. Belokon [1] , in contrast to the classical thermodynamics. Gas centrifugal compressors are primarily used as the gas pumping units for industrial conditions and of the large capacity (for example, 10 million m 3 per day and more) [2] .
Initial Concepts
The thermodynamic natural gas compression processes represent the main process of gas transport through pipelines. Gas compression is a costly process as it accounts for about 80% of the energy consumption of all the oil and gas production (drilling, development, exploitation wells in the oil fields, integrated oil and gas units for transport; transport, processing and sale of the product). In this context, in order to save energy when gas is compressed and choose an energy-efficient technology for gas transport, it is necessary to calculate the rational and efficient characteristics of the transport process to ensure reliable and safe operation of the pipeline, all what can contribute to optimisation of the gas transportation system. Determination of the characteristics is based on the laws of thermodynamics. The gas on gas pipelines is compressed by gas pumping units (GPU) at the compressor stations (CS) mounted every ten kilometres of the pipeline depending on the performance of the gas pipeline [3] [4] . Gas mains usually have the diameters of pipes from 700 to 1400 mm, a capacity of 50 to 90 million m 3 of gas per day. GPU consist primarily of a gas turbine drive to drive the gas centrifugal compressor, which compresses gas.
The Calculated Ratios of Thermodynamics for Gas Compression
Based on the thermodynamics of the gas flow, the potential work of the gas is equal to the work in the gas transfer from the area of one pressure (P 1 ) to the other (P 2 ). This work is influenced by the potential difference [5] .
where ε is the ratio of pressures in the compression or expansion, m-hereinafter the index of average values;
 , where ρ is gas density, a value reciprocal of the specific gas volume (v) (hereinafter, the dimensions of all values in formula are given in SI units). Expression of the potential work applies to all types of flow machines and is the most important energy characteristic.
The product of two functions of the states, the absolute pressure and specific volume form a new feature of the state of gas pv p ρ = called the potential function successfully used in calculations when calculating the work.
The reversible potential work in a given pressure range is independent of the type of machine (sequencedflow machines, impeller machines, blade machines or high-volume machines, piston machines); in particular in nozzles and blades of the respective machines the potential work is related to the conversion of kinetic energy into potential in the compression machines: pumps, compressors, blowers etc.; and in expansion machines like turbines, on the contrary, the potential energy of the working medium with a high temperature and high pressure in the flow part of the machines transforms into the kinetic energy. The potential work is graphically and numerically determined by the area under the curve of the process 1 -2 in the coordinates P -v (specific volume of gas), and the area facing the y-axis. The potential work is a reversible work of flow, positive in the expansion process (∆P > 0) or negative in the compression process (∆Р < 0).
The index of any thermodynamic process (n-the first average polytropic index) is determined as the ratio of the potential and thermodynamic work:
where l 1,2 -the thermodynamic work of change in the volume of closed systems. The estimated expression of the work of any thermodynamic systems:
where τ 1,2 is a characteristic of expansion (compression), as the ratio of the potential functions of the boundary points of the process, is the transformed equation of any thermodynamic process:
where z, T-compressibility factor and gas temperature. The nature of the distribution and emergence of the potential work as well as the work of any thermodynamic system is based on the law of conservation of mechanical energy of the reversible and real systems.
The potential work in the range of change of pressure, for example, an infinitesimal value dp is applied to the performance of the external and effective work δw * and for the work of irreversible energy losses δw ** (hereinafter the sign δ denotes the infinitesimal quantities which are functions of the process, for example, the work w, heat exchange q)
This ratio characterises the nature of distribution of the potential work in its first stage. Then, at the second stage, the external and effective work is allocated to the work directly transferred the bodies of the external system ( * cz w δ ) (for example, on the shaft of the gas turbine, the positive work by size, or negative the work taken from the outside to the centrifugal gas compressor, the work on the coupling), and the change in the energy of the external position of the working medium (de cz ). The last term of sum in turn, consists of the kinetic energy d 
A sub-expression of the presented principle of the occurrence and distribution of the potential flow work is the well-known Bernoulli equation, which can be obtained from (6) . One of the common expressions of Bernoulli's equation in the form of the so-called "sum of three heights" (where head is in metres) conceals the true physical meaning of the equation emergence and spread of the potential flow work (5), (6); In addition, this equation includes the non-systemic and not thermodynamic value, i.e. the specific weight depending on the acceleration of gravity at the point of weighing.
Determination of the Potential Work and Power Used to Compress Gas in the Gas Transport through Pipelines
We present the calculated expression for the potential work of gas compression in the gas centrifugal compressors GPU of the gas compressor units of gas pipelines as the equation of occurrence of gas flow work from the formula (6) in an integral form:
( ) vdp RT z dp p RT z dp p = − = = ∑ ∑ ∑
An analysis of the main gas state parameters during its transportation shows that its volume and pressure significantly change, and temperature changes to a lesser extent. This means that averaging the compressibility factor may lead to certain errors. Considering the above, the initial formula (7) is integrated taking into account only averaging the temperature T m .
When studying the compressibility of natural gas as a mixture of the various components, the experimental results are processed the same way as in the studies of individual single-component gases, but z is not determined by the reduced parameters but the pseudo-reduced gas mixture parameters: 
where p pr is the pseudo-reduced pressure, and T pr is the pseudo-reduced temperature of the mixture of gases; p pcr is the pseudo-critical pressure of the gas mixture; T pcr is the pseudo-critical temperature of the gas mixture; r is the molar (voluminous) weight-part concentration of various components of the mixture; p cri , T cri are the critical parameters of various components of natural gas, the number of which varies from 1 to n (i = 1, 2, •••, n) [6] . In [7] provided is a number of design formulas to determine the compressibility factor depending on the pseudo-reduced parameters from the known literature [7] [8] .
The results of calculations of the pseudo-reduced parameters by correlation equations obtained by VNIIGAZ (Russian Research Institute for Natural Gases and Gas Technologies) within the accuracy of up to (0.3 -0.5)%:
( ) 
where Δ is the specific gravity of gas. In the practice of thermodynamic calculations the natural gas compressibility factor is determined from dependence tables or diagrams z = f(p pr , T pr ) or z = f(p, t, Δ) as well as by various empirical formulas valid for specific conditions set forth in Table 2 [7] [8].
Initial Data
To determine the potential operation of gas compression natural gas by its composition similar to the natural gas of gas fields was adopted (see Table 1 )
According to the composition of the natural (see Table 1 ) the parameters of the critical state of gas are calculated. The calculation results are presented in Table 2 .
The calculated results by determining the potential work of gas compression in the gas centrifugal compressor GPU of the gas compressor units of gas pipelines following the above formulas (7) - (11) are shown in Table 3 .
According to the data of Table 3 , in the case of non-total-head gas transport, the centrifugal gas compressor GPU of the compressor units of gas pipelines in the transport of gas of 50 million m 3 /day, the capacity of 17,880 kW is used while in the case of 90 million m 3 /day significantly more, 32,180 kW. In the context of the declining productivity of gas from the fields, the power spent on gas transportation increases significantly. Thus, in the case of full-head gas centrifugal compressors GPU of the compressor units of gas pipelines with a degree of compression of 2 with the productivity of 50 million m 3 /day the capacity is up to 63,020 kW, and at 90 million m 3 /day it increases to 113,440 kW. Table 3 . The value of the potential work depending on the ratio of pressure (degree of compression) during gas compression.
Number of the calculation formula Degree of compression According to the above data we can calculate the power consumed along the whole gas main, for example, with 20 compressor plants with centrifugal compressors. With the pipeline productivity of 50 million m 3 /day in the full-head mode power, the capacity costs amount to 1,260,400 kW, and they reach 2,268,800 kW at 90 million m 3 /day.
Conclusion
The article presents the basic calculation ratios for the compression process GPU of compressor plants of gas pipelines to determine the potential performance and power consumed to compress the gas at compressor plants in the transport of real gases at pseudo-critical and pseudo-reduced parameters for natural gas. The characteristics of natural gas in its composition similar to the natural gas of gas fields are taken as the initial data. According to the above data, we can calculate the power consumed along the whole gas main.
